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(57) ABSTRACT

A differential pressure regulating valve is disposed in a fluid
passage. The differential pressure regulating valve includes a
valve chamber, a valve hole, a valve body, a support member
and an urging member. The valve chamber is formed in the
fluid passage and having a cylindrical shape. The valve hole is
formed in the fluid passage as an opening which communi-
cates with the valve chamber. The valve body is disposed in
the valve chamber and adapted to open and close the valve
hole. The support member is fixedly mounted to the valve
chamber and extending across flowing direction of the fluid in
the valve chamber. The support member has a communication
passage for fluid communication between a first valve cham-
ber and a second valve chamber. The urging member is dis-
posed between the support member and the valve body for
urging the valve body toward the valve hole.
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FIG. 2
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FIG. 5
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1
DIFFERENTIAL PRESSURE REGULATING
VALVE AND MOTOR-DRIVEN COMPRESSOR
HAVING DIFFERENTIAL PRESSURE
REGULATING VALVE

BACKGROUND OF THE INVENTION

The present invention relates to a differential pressure
regulating valve and also to a motor-driven compressor hav-
ing the differential pressure regulating valve.

There has been known a scroll type compressor having a
fixed scroll member and a movable scroll member. The fixed
scroll member is formed integrally with the housing and has
a scroll wall extending from the base plate of the fixed scroll
member. The movable scroll member has a scroll wall extend-
ing from the base plate of the movable scroll member and is
engaged with the fixed scroll member so as to make an orbital
motion relative to the fixed scroll member. A fluid pocket as
the compression chamber is formed by the scroll walls of the
movable scroll member and the fixed scroll member. The
volume of the compression chamber is reduced by the orbital
movement of the movable scroll member thereby to compress
the fluid such as refrigerant gas in the compression chamber.
During the compression of refrigerant gas, the movable scroll
member receives force acting in the direction that causes the
movable scroll member to move away from the fixed scroll
member due to compression reaction force of the refrigerant
gas. Accordingly, the sealing between the fixed scroll member
and the movable scroll member, or between the scroll walls
and the base plates of the fixed and the movable scroll mem-
bers is reduced. To prevent such reduction of the sealing,
high-pressure refrigerant gas is introduced into a back pres-
sure chamber which is formed on the back side of the movable
scroll member, or on the opposite side of the movable scroll
member from the fixed scroll member so that the movable
scroll member is urged against the fixed scroll member by the
pressure of the high-pressure refrigerant gas thereby to
enhance the sealing.

Japanese Patent Application Publication No. 7-229484 dis-
closes a scroll type compressor having a back pressure cham-
ber formed therein so as to have a pressure that is higher than
that of a low pressure region of the compressor, or a suction
pressure region, and the pressure of the back pressure cham-
ber is adjustable to a predetermined level by a differential
pressure regulating valve as the pressure regulating valve.
The pressure regulating valve is disposed in a bleed passage
which is formed for connecting the back pressure chamber to
the low pressure region of the compressor. The pressure regu-
lating valve has a cylindrical valve chamber formed in the
bleed passage, a valve hole formed upstream of the valve
chamber with respect to the flow of refrigerant gas and form-
ing a part of the bleed passage, a spherical valve body mov-
ably accommodated in the valve chamber and an urging
spring adapted to urge the valve body in the direction that
causes the valve body to close the valve hole. The pressure in
the back pressure chamber is applied to the valve body in the
direction that causes the valve body to open the valve hole and
the pressure in the low pressure region is applied to the valve
body in the direction that causes the valve body to close the
valve hole. The bleed passage for connecting the downstream
region of the valve chamber to the low pressure region
extends from the lateral side of the valve chamber or the inner
peripheral surface of the cylindrical valve chamber. Thus,
when the pressure of the back pressure chamber becomes
greater than a predetermined value, the pressure regulating
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valve opens the bleed passage. Therefore, the pressure of the
back pressure chamber is prevented from being excessively
increased.

According to the scroll type compressor disclosed in the
above Publication, however, when the valve body of the pres-
sure regulating valve opens the valve hole, the refrigerant gas
introduced into the valve chamber through the valve hole
flows around the valve body while flowing through a space
between the peripheral surface of the valve body and the inner
peripheral surface of the valve chamber. Then, the refrigerant
gas is flowed into the bleed passage which is formed extend-
ing from the lateral side of the valve chamber. When the
refrigerant gas flows into the bleed passage, an irregular flow
of the refrigerant gas occurs in the valve chamber and the
valve body is moved or displaced in a direction that is per-
pendicular to the extension and compression direction of the
urging spring, thereby causing a turbulent flow of the refrig-
erant gas in the valve chamber. As a result, the refrigerant gas
is vibrated and abnormal noise is generated, accordingly.
When the pressure regulating valve is operated due to a dif-
ferential pressure across the pressure regulating valve just
after the compressor is stopped, noise unpleasant to the user
of'the compressor is generated.

The present invention is directed to providing a differential
pressure regulating valve which prevents irregular flow of
fluid occurring in the refrigerant flow when the differential
pressure regulating valve is opened and also to a compressor
having such differential pressure regulating valve.

SUMMARY OF THE INVENTION

In accordance with the present invention, a differential
pressure regulating valve is disposed in a fluid passage for
fluid flowing through a compressor. The differential pressure
regulating valve includes a valve chamber, a valve hole, a
valve body, a support member and an urging member. The
valve chamber is formed in the fluid passage and having a
cylindrical shape. The valve hole is formed in the fluid pas-
sage as an opening which communicates with the valve cham-
ber. The valve body is disposed in the valve chamber and
adapted to open and close the valve hole. The support member
is fixedly mounted to the valve chamber and extends across
flowing direction of the fluid in the valve chamber. The sup-
port member has a communication passage for fluid commu-
nication between a first valve chamber formed on the valve
body side of the support member in the valve chamber and a
second valve chamber formed on the opposite side of the
support member in the valve chamber. At least a part of the
communication passage is opened at uniformly spaced inter-
vals to the outer periphery of the support member on the first
valve chamber side. The urging member is disposed between
the support member and the valve body for urging the valve
body toward the valve hole and is extensible.

Other aspects and advantages of the invention will become
apparent from the following description, taken in conjunction
with the accompanying drawings, illustrating by way of
example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention together with objects and advantages
thereof, may best be understood by reference to the following
description of the presently preferred embodiments together
with the accompanying drawings in which:

FIG. 1 is a schematic longitudinal sectional view of a
compressor having a differential pressure regulating valve
according to a first preferred embodiment of the present
invention;
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FIG. 2 is a schematic enlarged sectional view of the differ-
ential pressure regulating valve of FIG. 1;

FIG. 3 is a schematic sectional view taken along the line
III-111 of FIG. 2;

FIG. 4 is a schematic sectional view of the differential
pressure regulating valve of FIG. 2 when the differential
pressure regulating valve is opened;

FIG. 5 is a schematic sectional view of a differential pres-
sure regulating valve according to a second preferred embodi-
ment of the present invention; and

FIG. 6 is a schematic sectional view taken along the line
VI-VI of FIG. 5.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following will describe a differential pressure regulat-
ing valve and a compressor having the differential pressure
regulating valve according to a first preferred embodiment of
the present invention with reference to FIGS. 1 through 4.
Referring to FIG. 1, the compressor is designated by referen-
tial numeral 100 and includes a differential pressure regulat-
ing valve 101. The compressor 100 in the following descrip-
tion s a scroll type motor-driven compressor. The compressor
100 is provided in a refrigerant circuit for compressing a
refrigerant gas as fluid.

The compressor 100 has a first housing 10, a second hous-
ing 20 forming a fixed scroll member and a third housing 30.
The first housing 10 and the third housing 30 are connected
integrally to the second housing 20 at the opposite ends
thereof by bolts (not shown). The compressor 100 further has
a motor housing 50 which is connected integrally to the third
housing 30 on the side thereof opposite from the second
housing 20.

The second housing 20 has a fixed base plate 20A, a fixed
scroll wall 20B and an outer peripheral wall 20C. The fixed
scroll wall 20B is formed to extend from the fixed base plate
20A toward the third housing 30 and the outer peripheral wall
20C is formed to extend from the fixed base plate 20A toward
the third housing 30 so as to surround the fixed scroll wall
20B. The fixed scroll wall 20B is formed spirally on the fixed
base plate 20A. The fixed base plate 20A and the fixed scroll
wall 20B serve as the fixed base plate and the fixed scroll wall
of the fixed scroll member.

The first housing 10 is mounted to the fixed base plate 20A
of the second housing 20 to form therebetween a discharge
chamber 12, a first oil chamber 14 and a second oil chamber
15. The first and the second oil chamber 14, 15 store lubri-
cating oil in the compressor 100. An oil separating chamber
13 is formed in the first housing 10 adjacent to the discharge
chamber 12 and the first oil chamber 14. The oil separating
chamber 13 communicates with the outside of the compressor
100 through a discharge port 16 which is formed through the
outer peripheral wall 10A of the first housing 10. An oil
separating tube 17 extends in the oil separating chamber 13
from the discharge port 16 and has an intermediate portion
that is tapered toward the first oil chamber 14. The discharge
chamber 12 communicates with the oil separating chamber
13 through a first hole 13A formed in the first housing 10 so
as to face the oil separating tube 17. The oil separating cham-
ber 13 communicates with the first oil chamber 14 through a
second hole 14 A formed in the first housing 10.

The compressor 100 has a movable scroll member 40 dis-
posed between the second housing 20 and the third housing
30. The movable scroll member 40 includes a base plate 40A
and a scroll wall 40B which is formed to extend from the base
plate 40A toward the fixed base plate 20A. The scroll wall
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40B is formed spirally on the base plate 40A and engaged
with the fixed scroll wall 20B of the second housing 20 in a
manner known in the art. The scroll wall 40B of the movable
scroll member 40 is in contact with the fixed scroll wall 20B
of'the second housing 20 thereby to form a closed fluid pocket
whose volume is variable with orbital motion of the movable
scroll member 40 and which serves as a compression chamber
41 of the compressor 100.

A suction chamber 11 is formed by the movable scroll
member 40 and the third housing 30 at a position adjacent to
the base plate 40A. The compression chamber 41 is commu-
nicable with the suction chamber 11 at a position adjacent to
the outer peripheral wall 20C of the second housing 20 and
communicable with the discharge chamber 12 through a dis-
charge port 21 which is formed through the fixed base plate
20A of the second housing 20 at the center thereof. The
discharge port 21 is opened and closed by a discharge valve
22 which has a plate shape and is secured to the fixed base
plate 20A on the side of the discharge chamber 12. The
suction chamber 11 communicates with the outside of the
compressor 100 through a suction port (not shown) and com-
municates with the second oil chamber 15 through a refrig-
erant passage (not shown) and a lubricating oil passage (not
shown). Therefore, the pressure of the second oil chamber 15
is low as well as the pressure of the suction chamber 11. The
movable scroll member 40 includes a shaft support portion
40C formed integrally with the base plate 40A so as to extend
from the base plate 40 A on the opposite side of the base plate
40A from the scroll wall 40B.

The compressor 100 has a drive shaft 60 which is disposed
adjacent to the shaft support portion 40C of the movable
scroll member 40 or extends centrally in the motor housing 50
of the compressor 100. The drive shaft 60 includes a main
shaft portion 60A, a large-diameter portion 60B and a crank
pin 60C which are formed integrally into the drive shaft 60.
The crank pin 60C of the drive shaft 60 is disposed in the shaft
support portion 40C. The large-diameter portion 60B has a
larger diameter than the crank pin 60C. The main shaft por-
tion 60A extends from the large-diameter portion 60B from
the side thereof opposite from the crank pin 60C. The crank
pin 60C is eccentrically disposed relative to the main shaft
portion 60A and the large-diameter portion 60B which have
the same center axis. In other words, the drive shaft 60 has the
different center axis from the main shaft portion 60A and the
large-diameter portion 60B. The crank pin 60C is rotatably
fitted in the shaft support portion 40C through a bush 34 and
a bearing 33 which is disposed outside of the bush 34.

With the rotation of the drive shaft 60, the crank pin 60C is
revolved around the rotation axis of the main shaft portion
60A and the large-diameter portion 60B or the drive shaft 60.
Therefore, when the main shaft portion 60A or the drive shaft
60 is driven to rotate, the movable scroll member 40 orbits
around the rotation axis of the main shaft portion 60 A and the
large-diameter portion 60B or the drive shaft 60. The com-
pression chamber 41 formed on the suction chamber 11 side
is reduced in volume while moving toward the discharge port
21 of the fixed base plate 20A with the orbital motion of the
movable scroll member 40, so that the refrigerant gas in the
compression chamber 41 is compressed.

The third housing 30 is connected to the second housing 20
s0 as to cover the movable scroll member 40 and the large-
diameter portion 60B and the crank pin 60C of the drive shaft
60 from the side of the shaft support portion 40C. The third
housing 30 rotatably supports the large-diameter portion 60B
through a bearing 35 and the main shaft portion 60A of the
drive shaft 60 extends through the third housing 30. The third
hosing 30 supports the movable scroll member 40 in a direc-
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tion of the axis of the drive shaft 60 through a bush 32
disposed between the third housing 30 and the base plate 40A
of the movable scroll member 40.

A back pressure chamber 31 is formed in the third housing
30 on the side of the base plate 40A of the movable scroll
member 40 from where the shaft support portion 40C
extends. First and second supply passages 71, 72 are formed
in the second housing 20 and a third supply passage 73 is
formed in the third housing 30. The back pressure chamber 31
communicates with the first oil chamber 14 through the third
supply passage 73 and the first and the second supply pas-
sages 71, 72. The second and the third supply passages 72, 73
have an inner diameter that is substantially smaller than that
of'the first supply passage 71. Thus, the flow of high-pressure
refrigerant gas in the first oil chamber 14 introduced from the
discharge chamber 12 is throttled by the second and the third
supply passages 72, 73 and refrigerant gas of an increased
pressure is flowed into the back pressure chamber 31. The
high-pressure refrigerant gas in the back pressure chamber 31
urges the movable scroll member 40 against the second hous-
ing 20 which serves as the fixed scroll member, so that the
sealing between the scroll wall 40B and the base plate 40A of
the movable scroll member 40 and the fixed scroll wall 20B
and the fixed base plate 20A of the fixed scroll member is
enhanced.

A second bleed passage 83 is formed in the third housing
30 and a first bleed passage 82 is formed in the second hous-
ing 20 in direct communication with the second bleed passage
83. The back pressure chamber 31 is communicable with the
second oil chamber 15 through the second bleed passage 83
and the first bleed passage 82. A cylindrical valve chamber 81
is formed in the first bleed passage 82 at the end thereof
formed with an enlarged diameter at a position adjacent to the
second oil chamber 15. A differential pressure regulating
valve 101 is disposed in the valve chamber 81. The first bleed
passage 82 forms a part of a fluid passage.

The communication between the first bleed passage 82 and
the second oil chamber 15 is normally shut off by the differ-
ential pressure regulating valve 101. The differential pressure
regulating valve 101 is actuated in response to the differential
pressure between the pressure in the back pressure chamber
31 and the pressure in the second oil chamber 15. The difter-
ential pressure regulating valve 101 allows refrigerant gas to
flow therethrough in one direction from the first bleed passage
82 to the second oil chamber 15, but blocks the flow in the
opposite direction from the second oil chamber 15 to the first
bleed passage 82. Thus, the differential pressure regulating
valve 101 serves as a check valve which is controlled due to
the differential pressure. If the pressure of refrigerant gas in
the back pressure chamber 31 is increased to reach a prede-
termined value, the differential pressure regulating valve 101
is opened thereby to allow refrigerant gas in the back pressure
chamber 31 to flow into the second oil chamber 15. If the
volume of the lubricating oil flowed into the back pressure
chamber 31 from the first oil chamber 14 with the refrigerant
gas becomes excessive, the pressure in the back pressure
chamber 31 is increased to open the differential pressure
regulating valve 101, thereby allowing the lubricating oil to
flow into the second oil chamber 15 with the refrigerant gas.

The motor housing 50 has formed therein a motor chamber
51. The main shaft portion 60A of the drive shaft 60 is rotat-
ably supported in the motor housing 50 by a bearing 54. In the
motor chamber 51, a rotor 52 is fixedly mounted on the main
shaft portion 60A for rotation therewith. A stator 53 having a
coil 53 A is fixed to the inner surface of the outer wall 50B of
the motor housing 50 so as to surround the rotor 52. When an
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electric current flows through the coil 53A, the rotor 52 is
driven thereby to rotate the main shaft portion 60A or the
drive shaft 60.

With the rotation of the drive shaft 60, the crank pin 60C is
driven to revolve and the movable scroll member 40 fitted in
the shaft support portion 40C is driven to make an orbital
motion around the rotation axis of the large-diameter portion
60B and the main shaft portion 60A. The crank pin 60C
performing the orbital motion and the movable scroll member
40 fitted to the shaft support portion 40C are driven to orbit
around the rotation axis of the main shaft portion 60A.

Accordingly, the compression chamber 41 formed
between the scroll wall 40B of the movable scroll member 40
and the fixed scroll wall 20B of the second housing 20 is
moved toward the center of the fixed and the movable scroll
members 20, 40 while reducing its volume. During the pro-
cess of forming the compression chamber 41 and reducing the
volume of the compression chamber 41, refrigerant gas is
flowed from the suction chamber 11 into the compression
chamber 41 together with lubricating oil. Then, the refriger-
ant gas containing lubricating oil is compressed in the com-
pression chamber 41, flowed through the discharge port 21
and into the discharge chamber 12. In this process, the lubri-
cating oil contained in the refrigerant gas lubricates the slid-
ing parts between the movable scroll member 40 and the
second housing 20 (the fixed scroll member).

The refrigerant gas in the discharge chamber 12 is flowed
into the oil separating chamber 13. In the oil separating cham-
ber 13, the refrigerant gas is flowed toward the lower end of
the oil separating tube 17 while swirling around the tapered
portion of the oil separating tube 17 and is flowed to the distal
end of the oil separating tube 17. Then, the refrigerant gas is
flowed into the oil separating tube 17 and delivered out of the
compressor 100 through the discharge port 16. The lubricat-
ing oil contained in the refrigerant gas is separated from the
refrigerant gas by centrifugal force while swirling around the
oil separating tube 17 and the separated lubricating oil is
flowed into the first oil chamber 14 through the second hole
14A.

Part of the high-pressure refrigerant gas in the oil separat-
ing chamber 13 is flowed into the first oil chamber 14, from
where the refrigerant gas is flowed into the back pressure
chamber 31 through the supply passages 71, 72, 73. Then, the
high-pressure refrigerant gas in the back pressure chamber 31
urges the movable scroll member 40 against the second hous-
ing 20 and supplies the lubricating oil to the sliding parts in
the back pressure chamber 31. When the differential pressure
between the pressures of the refrigerant gas in the back pres-
sure chamber 31 and in the second oil chamber 15 or the
suction chamber 11 becomes larger than the predetermined
value, the differential pressure regulating valve 101 is opened
to allow the refrigerant gas containing the lubricating oil in
the back pressure chamber 31 to flow into the second oil
chamber 15. This protects the parts in the back pressure
chamber 31 from application of any excessively high pres-
sure. The refrigerant gas flowed in the second oil chamber 15
impinges against the inner surface of the second oil chamber
15, so that the lubricating oil is removed from the refrigerant
gas. The refrigerant gas is flowed into the suction chamber 11
due to suction force generated in the suction chamber 11. The
lubricating oil in the second oil chamber 15 is also flowed into
the suction chamber 11 due to the suction force generated in
the suction chamber 11. The refrigerant gas flowed into the
suction chamber 11 through a suction port (not shown) con-
tains lubricating oil and the refrigerant gas is flowed into the
compression chamber 41 together with the lubricating oil.
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The differential pressure regulating valve 101 is shown in
FIGS. 2 and 3 in detail. The differential pressure regulating
valve 101 includes a support member 102 fixedly mounted in
the cylindrical valve chamber 81. The support member 102
includes a cylindrical main body 102B having an outer
peripheral surface 102B3 and fitted in the valve chamber 81
having an inner peripheral surface 81C. The cylindrical main
body 102B of the support member 102 has opposite end
surfaces 102B1, 102B2 of the cylindrical main body 102B.
The support member 102 further includes two cylindrical
projections 102A which projects from the opposite end sur-
faces 102B1, 102B2 of the main body 102B, respectively.
Each projection 102A extends in the direction of the center
axis CL of the cylindrical valve chamber 81 which corre-
sponds to the extending direction of the valve chamber 81. As
viewed in transverse section of the valve chamber 81, each
projection 102A is positioned centrally of the transverse sec-
tion of the valve chamber 81 which is perpendicular to the
extending direction of the valve chamber 81 from a valve hole
82A toward the support member 102. The main body 102B
and the projections 102 A are concentric with the valve cham-
ber 81 about the center axis CL. Each projection 102A has a
smaller diameter than the main body 102B so that a gap is
formed between the projection 102A and the inner peripheral
surface 81C of the valve chamber 81.

The valve chamber 81 is divided by the main body 102B of
the support member 102 into two spaces on opposite side of
the main body 102B, namely a first valve chamber 81A
located on the first bleed passage 82 side and a second valve
chamber 81B on the second oil chamber 15 side.

The support member 102 has formed therethrough an axial
hole 102C extending between the end surface 102A1 of one
projection 102A to the end surface 102A1 of the other pro-
jection 102A. The axial hole 102C has a circular cross section
and formed concentric with the valve chamber 81 having the
center axis which corresponds to the center axis CL of the
valve chamber 81. The axial hole 102C has at the ends thereof
opposite circular openings 102C1. The two openings 102C1
are formed at the end surfaces 102A1 of the projections 102A
at the center of the end surfaces 102A1, respectively. As
shown in FIG. 3, each end surface 102A1 of the projection
102A has four recesses 102D extending radially of the cylin-
drical projection 102A from the opening 102C1 in a criss-
cross manner. Each recess 102D is opened at a side portion
102A2 of the projection 102A and is opened at uniformly
spaced intervals to the outer periphery of the support member
102. Thus, the first valve chamber 81A and the second valve
chamber 81B which are located on opposites sides of the
support member 102 communicates with each other through
the recesses 102D and the axial hole 102C. According to the
first preferred embodiment of the present invention, the side
portion 102A2 of the projection 102A is tapered toward the
distal end of the projection 102 A. Alternatively, the side por-
tion 102A2 of the projection 102A may not be tapered to the
distal end of the projection 102A. The axial hole 102C and the
recesses 102D form a communication passage.

The support member 102 may be installed in place by being
pushed into the valve chamber 81 and securely fixed to the
inner peripheral surface 81C of the valve chamber 81.

The differential pressure regulating valve 101 further
includes a spherical valve body 103 movably disposed
between the support member 102 and the first bleed passage
82 and a coil spring 104 disposed between the support mem-
ber 102 and the valve body 103 in the first valve chamber 81A
of the valve chamber 81. The coil spring 104 serves as an
urging member. The coil spring 104 is disposed in such a way
that one end thereof surrounds the projection 102A of the
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support member 102 and is in pressing contact with the end
surface 102B1 of the main body 102B and the other end
thereof is in pressing contact with the valve body 103. The
valve body 103 is urged by the coil spring 104 toward the
valve hole 82 A ofthe first bleed passage 82 which serves as an
opening which communicates between the first bleed passage
82 and the valve chamber 81. When the valve body 103
receives only the urging force of the coil spring 104, the valve
body 103 closes the valve hole 82A, as shown in FIG. 2. The
diameters of the spherical valve body 103 and the coil spring
104 are smaller than the transverse section of the valve cham-
ber 81 so that a gap is formed between the inner peripheral
surface 81C of the valve chamber 81 and the valve body 103
and the coil spring 104, respectively. When the valve body
103 is in contact with the end surface 102A1 of the projection
102A of the support member 102, the axial hole 102C of the
support member 102 communicates with the first valve cham-
ber 81A through the recesses 102D from the side of the
projection 102A. The end surface 102A1 of the projection
102A forms a contacting portion.

The pressure of the refrigerant gas in the back pressure
chamber 31 is applied to the valve body 103 from the first
bleed passage 82 side and the pressure of the refrigerant gas in
the second oil chamber 15 or the suction chamber 11 is
applied to the valve body 103 through the axial hole 102C
from the opposite side. When the urging force of the pressure
of the refrigerant gas acting on the valve body 103 from the
first bleed passage 82 side is greater than the sum of the urging
force of the pressure of the refrigerant gas and the urging force
of'the coil spring 104 acting on the valve body 103 from the
second oil chamber 15 side, the valve body 103 closing the
valve hole 82A is moved toward the support member 102 and
opens the valve hole 82A. Therefore, the refrigerant gas in the
first bleed passage 82 or the back pressure chamber 31 is
allowed into the first valve chamber 81A of the valve chamber
81 while flowing through the gap between the peripheral
surface of the valve body 103 and the inner peripheral surface
81C of the first valve chamber 81A and then flowed into the
axial hole 102C. Then, the refrigerant gas is flowed from the
axial hole 102C into the second oil chamber 15 through the
second valve chamber 81B.

When the pressure of the refrigerant gas in the back pres-
sure chamber 31 is substantially high, the valve body 103 is
moved until the valve body 103 is brought into contact with
the projection 102A of the support member 102.

FIG. 4 is a schematic sectional view of the differential
pressure regulating valve 101 showing a state that the valve
body 103 is in contact with the projection 102A of the support
member 102. In this state, the coil spring 104 is compressed in
the direction of the center axis CL to such an extent that a
clearance is formed between any two adjacent turns of the
spiral portion 104A of the coil spring 104. That is, the coil
spring 104 is not compressed completely when the valve body
103 is made to be in contact with the projection 102A of the
support member 102. The refrigerant gas in the first bleed
passage 82 is flowed into the first valve chamber 81A of the
valve chamber 81 and then inside the coil spring 104 through
the clearance in the spiral portion 104A ofthe coil spring 104.
The refrigerant gas is flowed into the axial hole 102C through
the recesses 102D in the projection 102A of the support
member 102 and then into the second valve chamber 81B.

In the differential pressure regulating valve 101, the refrig-
erant gas flowed into the first valve chamber 81A from the
back pressure chamber 31 when the differential pressure
regulating valve 101 is opened is flowed around the valve
body 103 and then into the axial hole 102C having the center
axis corresponding to the center axis CL of the support mem-
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ber 102 and the valve chamber 81 through the criss-cross
recesses 102D that extend radially and at uniformly spaced
intervals. Thus, the refrigerant gas is flowed uniformly
around the valve body 103 into the axial hole 102C. There-
fore, the valve body 103 is prevented from being moved or
displaced laterally with respect to the center axis CL of the
valve chamber 81, with the result that irregular flow of the
refrigerant gas is suppressed and hence abnormal noise gen-
erated by any irregular flow of the refrigerant gas through the
differential pressure regulating valve 101 is suppressed.

The differential pressure regulating valve 101 is disposed
in the first bleed passage 82 of the compressor 100. The
differential pressure regulating valve 101 includes the sup-
port member 102, the valve body 103 and the coil spring 104.
The support member 102 is fitted in the cylindrical valve
chamber 81 formed in the first bleed passage 82 and extends
across the flowing direction of the refrigerant gas in the valve
chamber 81. The valve body 103 is movable between the
opened position where the valve hole 82A is opened for fluid
communication between the valve chamber 81 and the first
bleed passage 82 and the closed position where the valve hole
82A is closed thereby to block the fluid communication. The
coil spring 104 is disposed between the support member 102
and the valve body 103 for urging the valve body 103 toward
the valve hole 82A. The support member 102 has formed
therein the axial hole 102C and the recesses 102D as the
communication passage for fluid communication between
the first valve chamber 81A formed on the valve body 103
side of the support member 102 and the opposite side of the
support member 102 in the valve chamber 81. The axial hole
102C and the recesses 102D are opened at uniformly spaced
intervals to the outer periphery of the support member 102 on
the first valve chamber 81A side.

The valve body 103 of the differential pressure regulating
valve 101 normally closes the valve hole 82A by the urging
force of the coil spring 104. When the urging force of the
pressure of the refrigerant gas in the first bleed passage 82
acting on the valve body 103 becomes greater than the sum of
the urging force of the coil spring 104 and the force of the
pressure of the refrigerant gas acting on the valve body 103
from the coil spring 104 side, the valve body 103 is moved to
open the valve hole 82A. Accordingly, the refrigerant gas is
flowed into the first valve chamber 81 A of the valve chamber
81 through the valve hole 82A and then into the axial hole
102C formed in the support member 102 which extends
across the flowing direction of the refrigerant gas in the valve
chamber 81. The axial hole 102C and the recesses 102D of the
support member 102 are opened at uniformly spaced intervals
to the outer periphery of the support member 102 on the first
valve chamber 81 A side of the support member 102 where the
valve body 103 is provided. Thus, the refrigerant gas is dis-
tributed uniformly in the first valve chamber 81A and flowed
into the recesses 102D and the axial hole 102C. Therefore, the
valve body 103 is prevented from being displaced laterally by
the flowing refrigerant gas with respect to the extension and
compression direction of the coil spring 104 or the center axis
CL, so that irregular fluid flow of the refrigerant gas is sup-
pressed and the generation of abnormal fluid noise of the
refrigerant gas is also suppressed.

The support member 102 of the differential pressure regu-
lating valve 101 has the projection 102A which extends in the
same direction as the extension and compression direction of
the coil spring 104 and with which the valve body 103 is
contactable when the coil spring 104 is compressed. The axial
hole 102C has the opening 102C1 at the center of the end
surface 102A1 which serves as the contacting portion with
which the valve body 103 is contactable. When the valve body
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103 is in contact with the end surface 102A1 of the projection
102 A, the refrigerant gas is allowed to flow into the axial hole
102C through the recesses 102D. The recesses 102D which
are formed at uniformly spaced intervals allows the refriger-
ant gas to be distributed and to flow into the recesses 102D
uniformly.

The coil spring 104 of the differential pressure regulating
valve 101 surrounds the projection 102A and the coil spring
104 is compressed to such an extent that a clearance is formed
between any two adjacent turns of the spiral portion 104 A of
the coil spring 104 when the valve body 103 is moved into
contact with the support member 102. With the valve body
103 placed in contact with the support member 102, the
refrigerant gas is allowed to flow into the axial hole 102C
through the clearance in the coil spring 104.

In the differential pressure regulating valve 101, the pro-
jection 102A of the support member 102 is positioned cen-
trally of the valve chamber 81 as seen in transverse section
perpendicular to the extending direction of the valve chamber
81 from the valve hole 82A to the support member 102 or
across the center axis CL. Thus, the axial hole 102C is posi-
tioned concentric with the cylindrical valve chamber 81, so
that flow of the refrigerant gas is distributed uniformly
between the valve body 103 and the inner peripheral surface
81C of the valve chamber 81.

The valve body 103 of the differential pressure regulating
valve 101 has a spherical shape and there is a clearance
between the valve body 103 and the inner peripheral surface
81C of the valve chamber 81. When the valve body 103
pushes to compress the coil spring 104 thereby to open the
valve hole 82A, the refrigerant gas flowed through the valve
hole 82A flows smoothly and uniformly between the valve
body 103 and the inner peripheral surface 81C of the valve
chamber 81 without causing any turbulent flow of the refrig-
erant gas. The support member 102 has two projections 102A
which extend from the opposite end surfaces 102B1, 102B2
of the main body 102B, respectively. The axial hole 102C is
formed through the support member 102 so as to be opened at
the opposite end surfaces 102A1 of the projections 102A and
the recesses 102D are formed in the opposite projections
102A. The support member 102 may be installed in the valve
chamber 81 by inserting either of the opposite projections
102A into the valve chamber 81 which is advantageous in the
assembling of the differential pressure regulating valve 101
and hence in reduction of the manufacturing cost.

The following will describe a differential pressure regulat-
ing valve 201 according to a second preferred embodiment of
the present invention with reference to FIGS. 5 and 6. The
second preferred embodiment differs from the first preferred
embodiment in that the axial hole 102C of the differential
pressure regulating valve 101 formed in the center of the
projection 102A of the support member 102 is dispensed with
and a plurality of grooves 202C is formed in the outer periph-
eral surface 202B3 of the main body 202B of the support
member 202. In the following description, the same reference
numerals will be used for the common elements or compo-
nents in the first and the second embodiments, and the
description of such elements or components will be omitted.

Referring to FIGS. 5 and 6, the support member 202 of the
differential pressure regulating valve 201 of the second pre-
ferred embodiment is fitted to the inner peripheral surface
81C of the valve chamber 81 as in the case of the differential
pressure regulating valve 101 of the first preferred embodi-
ment. The support member 202 includes the cylindrical main
body 202B and two cylindrical projections 202A. The main
body 202B has opposite end surfaces 202B1, 202B2 and an
outer peripheral surface 202B3 which is fitted in contact with
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its complementary inner peripheral surface 81C of the valve
chamber 81. The projections 202 A project from the opposite
end surfaces 202B1, 202B2 of the main body 202B, respec-
tively.

The support member 202 has formed therein four longitu-
dinal grooves 202C each having the same shape and extend-
ing along the center axis CL. between the end surface 202B1
and the end surface 202B2 of the main body 202B. The four
longitudinal grooves 202C are formed in the outer peripheral
surface 202B3 with a rectangular cross-section and opened at
uniformly spaced intervals. The grooves 202C serves as a
communication passage for communication between the first
valve chamber 81A and the second valve chamber 81B. Each
of'the end surfaces 202B1, 202B2 of the main body 202B has
four openings 202C1 of the grooves 202C. The openings
202C1 are formed to have the same shape and opened at
uniformly spaced intervals. The differential pressure regulat-
ing valve 201 has the valve body 103 and the coil spring 104
which are disposed in the first valve chamber 81A of the valve
chamber 81 as in the case of the differential pressure regulat-
ing valve 101 of the first preferred embodiment.

When the urging force of the pressure of the refrigerant gas
on the first bleed passage 82 side acting on the valve body 103
becomes greater than the sum of the urging forces of the
pressure of the refrigerant gas on the second oil chamber 15
side and of the coil spring 104, the valve body 103 is moved
to open the valve hole 82A. Thus, the refrigerant gas in the
first bleed passage 82 is introduced into the first valve cham-
ber 81A of the valve chamber 81 and flowed along the inner
peripheral surface 81C of the valve chamber 81, and around
the periphery of the valve body 103 and into the grooves
202C. Then, the refrigerant gas is flowed into the second oil
chamber 15 through the second valve chamber 81B.

The refrigerant gas flowed around the valve body 103 when
the differential pressure regulating valve 201 is opened is
flowed directly into the longitudinal grooves 202C which are
formed in the outer peripheral surface 202B3 of the main
body 202B of the support member 202 and opened at uni-
formly spaced intervals, so that the refrigerant gas is distrib-
uted and flowed uniformly around the valve body 103. Thus,
the valve body 103 is prevented from being moved or dis-
placed in a direction perpendicular to the extension and com-
pression direction of the coil spring 104 or laterally with
respect to the center axis CL, so that irregular fluid of the
refrigerant gas is also prevented and, therefore, the generation
of any abnormal noise by irregular refrigerant flow in the
differential pressure regulating valve 201 is also prevented.

According to the second preferred embodiment, the refrig-
erant gas is flowed outside of the coil spring 104. The coil
spring 104 may be configured such that the spiral portions
104A thereof are made contact with each other or, alterna-
tively, spaced apart from one another thereby to form gaps
therebetween, when the valve body 103 is moved into contact
with the end surface 202A1 of the projection 202A of the
support member 202. The rest of the structure of differential
pressure regulating valve 201 according to the second pre-
ferred embodiment is substantially the same as that of the first
preferred embodiment, and the description thereof will be
omitted. The differential pressure regulating valve 201 of the
second preferred embodiment offers substantially the same
effects as the differential pressure regulating valve 101 of the
first preferred embodiment.

According to the first and the second preferred embodi-
ments, the differential pressure regulating valves 101, 201 are
provided in the first bleed passage 82 which provides fluid
communication between the back pressure chamber 31 and
the second oil chamber 15 on the suction side in the scroll type
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motor-driven compressor. Alternatively, the differential pres-
sure regulating valves 101, 201 may be provided in any part of
the compressor where the flow of refrigerant gas needs to be
controlled according to the pressure differential. Further, the
compressor having the differential pressure regulating valve
101, 201 is not limited to a scroll type compressor, but may be
of'a vane type. According to the differential pressure regulat-
ing valves 101, 201 of the first and the second preferred
embodiments, the valve body 103 has a spherical shape. The
valve body 103 is not limited to have a such shape, but may
have a conical shape or cylindrical shape having at the distal
end thereof a spherical surface, a conical surface or a trun-
cated conical surface.

According to the differential pressure regulating valves
101, 201 of the first and the second preferred embodiments,
the valve chamber 81 has a cylindrical shape. The valve
chamber 81 is not limited to have a such shape, but may have
an elliptic cylindrical shape or a cylindrical shape having a
polygonal cross section. According to the differential pres-
sure regulating valve 101 of the first preferred embodiment,
the axial hole 102C and the opening 102C1 have a circular
cross section. The axial hole 102C and the opening 102C1 are
not limited to have a such cross section, but the opening
102C1 may have any cross sectional shape such as polygonal
shape as long as the recesses are opened at uniformly spaced
intervals to the inner peripheral surface 81C of the valve
chamber 81.

According to the differential pressure regulating valve 201
of'the second preferred embodiment, the radial groove 202C
and the opening 202C1 have a rectangular cross section. The
radial groove 202C and the opening 202C1 are not limited to
have a such cross section, but may be have any other suitable
shape such as a circular or polygonal cross section. Further,
four radial grooves 202C and the openings 202C1 may have
the same shape. Four radial grooves 202C and the openings
202C1 may have any shape as long as the openings 202C1 are
opened at uniformly spaced intervals to the inner peripheral
surface 81C of the valve chamber 81. The number of the radial
grooves 202C is not limited to four, but may be three, or five
or more. According to the differential pressure regulating
valve 101 of the first preferred embodiment, the recesses
102D may be formed such that the opening areas thereof are
formed uniformly toward the inner peripheral surface 81C of
the valve chamber 81. The number of the recesses 102D is not
limited to four, but may be three, or five or more. According
to the first and the second preferred embodiments, the differ-
ential pressure regulating valves 101, 201 have the support
members 102, 202 each have two opposite projections 102A,
202A, respectively. The projection 102A, 202A formed on
the side of the support member 102, 202 that is opposite from
the valve body 103 side may be omitted.

What is claimed is:

1. A differential pressure regulating valve disposed in a
fluid passage for fluid flowing through a compressor, the
differential pressure regulating valve comprising:

a valve chamber formed in the fluid passage and having a

cylindrical shape;

a valve hole formed in the fluid passage as an opening
which communicates with the valve chamber;

a spherical valve body disposed in the valve chamber and
adapted to open and close the valve hole;

a support member that includes a contacting portion and a
communication passage including an axial hole and a
plurality of recesses, is fixedly mounted to the valve
chamber, and extends across flowing direction of the
fluid in the valve chamber such that the support member
restricts the flow of the fluid; and
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an extensible urging member for urging the valve body
toward the valve hole, the urging member being dis-
posed between the support member and the valve body
in such a way that one end of the urging member is in
contact with an outer peripheral portion of the support
member at a position that is radially outward of the axial
hole and the contacting portion and the other end of the
urging member is in contact with the valve body,
wherein

the contacting portion is contactable with the valve body

when the urging member is compressed, and wherein the
axial hole extends between a first valve chamber formed
on the valve body side of the support member in the
valve chamber and a second valve chamber formed on
the opposite side of the support member in the valve
chamber and has a first opening that is opened in the first
valve chamber and a second opening that is opened in
the second valve chamber, and wherein the plurality of
recesses extends radially from each of the first opening
and the second opening, the axial hole being formed
concentric with the valve hole, and the first opening
being located at the contacting portion.

2. The differential pressure regulating valve according to
claim 1, wherein

the support member has a projection which extends in the

same direction as the extension and compression direc-

tion of the urging member and with which the valve body

is contactable when the urging member is compressed,
the contacting portion is an end of the projection, and

the first opening of the axial hole is opened at the center of

the contacting portion.

3. The differential pressure regulating valve according to
claim 2, wherein the urging member is a coil spring surround-
ing the projection and the coil spring is compressed to such an
extent that a clearance is formed between any two adjacent
turns of the coil spring when the valve body is moved into
contact with the support member.

4. The differential pressure regulating valve according to
claim 2, wherein the projection is positioned centrally of the
valve chamber as seen in transverse section perpendicular to
the extending direction of the valve chamber from the valve
hole to the support member.

5. The differential pressure regulating valve according to
claim 1, wherein the support member has a projection which
extends in the same direction as the extension and compres-
sion direction of the urging member and with which the valve
body is contactable when the urging member is compressed,
the communication passage has a plurality of grooves formed
as open recesses in an outer peripheral surface of the support
member at uniformly spaced intervals.

6. The differential pressure regulating valve according to
claim 5, wherein the urging member is a coil spring surround-
ing the projection and the coil spring is compressed to such an
extent that a clearance is formed between any two adjacent
turns of the coil spring when the valve body is moved into
contact with the support member.

7. The differential pressure regulating valve according to
claim 5, wherein the projection is positioned centrally of the
valve chamber as seen in transverse section perpendicular to
the extending direction of the valve chamber from the valve
hole to the support member.

8. The differential pressure regulating valve according to
claim 1, wherein there is a clearance between the valve body
and an inner peripheral surface of the valve chamber.
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9. The differential pressure regulating valve according to
claim 1, wherein the compressor is a scroll type motor-driven
compressor having a movable scroll member, the differential
pressure regulating valve is disposed in a bleed passage
formed for connecting a back pressure chamber positioned on
the side of the back surface of the movable scroll member to
a region on a suction side of the scroll type motor-driven
compressor.

10. A motor-driven compressor comprising:

a differential pressure regulating valve disposed in a fluid

passage for fluid flowing through a compressor,

the differential pressure regulating valve comprising:

a value chamber formed in the fluid passage and having a
cylindrical shape;

a valve hole formed in the fluid passage as an opening
which communicates with the valve chamber:

a spherical valve body disposed in the valve chamber and
adapted to open and close the valve hole;

a support member that includes a contacting portion and a
communication passage including an axial hole and a
plurality of recesses, is fixedly mounted to the valve
chamber, and extends across flowing direction of the
fluid in the valve chamber such that the support member
restricts the flow of the fluid: and

an extensible urging member for urging the valve body
toward the valve hole, the urging member being dis-
posed between the support member and the value body
in such a way that one end of the urging member is in
contact with an outer peripheral portion of the support
member at a position that is radially outward of the axial
hole and the contacting portion and the other end of the
urging member is in contact with the valve body,
wherein

the contacting portion is contactable with the valve body
when the member is compressed, and wherein the axial
hole extends between a first valve chamber formed on
the valve body side of the support member in the valve
chamber and a second valve chamber formed on the
opposite side of the support member in the valve cham-
ber and has a first opening that is opened in the first value
chamber and a second opening that is opened in the
second value chamber, and wherein the plurality of
recesses extends radially from each of the first opening
and the second opening, the axial hole being formed
concentric with the valve hole, and the first opening
being located at the contacting portion.

11. The motor-driven compressor according to claim 10,

wherein:

the support member has projection which extends in the
same direction as the extension and compression direc-
tion of the urging member and with which the valve body
is contactable when the urging member is compressed,

the contacting portion is an end of the projection, and

the first opening of the axial hole is opened at the center of
the contacting portion.

12. The motor-driven compressor according to claim 11,
wherein the urging member is a coil spring surrounding the
projection and the coil spring is compressed to such an extent
that a clearance is formed between any two adjacent turns of
the coil spring when the valve body is moved into contact with
the support member.



